RI IS A WELL established diagnostic tool that provides exquisite images of the macroscopic structure and anatomy. Recently the use of MRI has been extended to image brain function. These include imaging function at the microscopic level in order to create contrast based on the mobility of intracellular water, imaging blood perfusion in order to determine the pathological state of the tissues, the regulation of cellular metabolism, and the neural connectivity within the brain. Although some of these techniques are still in the experimental state, it is expected that they will become routine for a complete work -up of the brain in the coming years. The above techniques are very demanding in terms of the requirements for storage of data, processing, and display. It is evident that future radiological systems must address these issues in a manner that makes use of the resources efficiently and provides information to the physician in the most efficient manner. Here we have identified various issues that need to be addressed for each of the above techniques for an efficient radiological system that incorporates functional magnetic resonance imaging.
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DIFFUSION IMAGING
This consists of imaging incoherent motion of water molecules in tissues and provides a measure of cellular damage. Diffusion images are made by using 'diffusion sensitized gradients' using a spin echo sequence followed by one that is not gradient sensitized. Diffusion tensor images can also be obtained by obtaining diffusion weighted images in different direction.
Regardless of the method used, the radiological systems should be able to display at a minimum, the T2 weighted images, the highest diffusion sensitized image, and the diffusion coefficient image. The first two images should carry along with them information on 'b', the gradient sensitization factor. The values of the diffusion coefficient along with its units should be appropriately displayed when choosing an ROI on the diffusion coefficient image.
The data storage requirements get larger when diffusion tensor imaging is performed. Along with the basic T2 weighted images, it will be important to store images obtained with diffusion coefficient in each direction as each of these images have the potential to provide valuable information to the clinician. Finally the diffusion tensor image should also be displayed. Given these requirements we feel that 5-10 Mbytes of data storage would be necessary per diffusion exam.
PERFUSION IMAGING
Currently, perfusion imaging is done by using the dynamic susceptibility contrast enhancement method. This method involves injection of a bolus of a paramagnetic contrast agent, followed by continuous acquisition of T2* weighted images. Typically an image per second of the brain is obtained from the same location and the uptake curves generated on a per pixel basis. These curves are then fitted to a gamma-variate function with a recirculation cutoff. Relative regional cerebral blood volume (rCBV), mean transit time (MTT), and regional cerebral blood flow (rCBF) are calculated from the area under the curve. The total amount of data generated over 2 minutes for a 24 slice brain exam could be as high as 25 Mbytes.
An effective way to use the radiological system would be to save the rCBV, rCBF, and MTT images along with the first set of slices that were acquired just before bolus injection. This would greatly reduce the demand on any given radiology system as it would require less than a megabyte of data to be stored. Similar approach could be taken when spin tagging techniques to measure perfusion are perfected.
SPECTROSCOPY
MR spectroscopy (MRS) provides information on cellular metabolism. MRS is typically done as a single voxel whose typical dimensions are greater than lmm X lmm X lmm, or as chemical shift imaging which is also called multivoxel spectros-202 copy. Regardless of the technique used, the information from such scans are used to determine the ratios and/or the quantities of each of the metabolites. To begin with each of the spectroscopy data sets are not very big. For an efficient use of the radiology system, the best way to store the spectrum is to process the spectrum, label the individual peaks and provide a table of the areas for each of the peaks followed by a table of ratios of one peak to the other. Structural images that display either the single voxel or the multi-voxel grid would be necessary for the clinician to provide his or her diagnosis.
NEURONAL FUNCTION MAPPING
Neuronal function mapping relies on the hypothesis that an increase in regional blood flow is caused by increased neuronal activity which is correlated to the stimulus presented. The inherent problem of this method is a low signal to noise ratio (SNR), around three to five percent. To compensate for this low SNR, large amounts of data must be collected, stored, analyzed, and displayed.
Current analysis methods include the student t-test, correlation analysis, F-ratios, and so on, after registration of images. The amount of data collected is on the order of 50-100 Mbytes per paradigm and the process of analyzing the data EMGE, GULLAPALLI, AND SMALL requires about 1Gbyte of intermediate storage, with the final analyzed data occupying about 300 Mbytes of storage space. In order to use the radiological system efficiently, the physician at a minimum needs to view the structural images with an overlay (preferably color) of the statistical map along with their significance. Information on the paradigm used for neuronal mapping should also be made available. This would demand the bare minimum in storage space. A more advanced version would include a plot of the time series from each of the pixels and a choice of statistical analysis tools. This would increase the space requirements to about 300 Mbytes per paradigm.
CONCLUSION
Although functional imaging is relatively new, it is evident that in the future a complete work-up of the brain would include functional imaging as described above. Since the data collected is extremely large and has an impact on archiving systems, we have identified the bare minimum that is required to store in a radiological system for efficient diagnosis and retrieval. According to our analysis, the minimal amount of uncompressed storage space for complete functional imaging is about 350 Mbytes.
